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INTRODUCTION:

Poor air quality may occur at any time throughout the year and may be created by both
natural and anthropogenic means.   Although both may have significant impacts, natural
sources can be more devastating due to the uncontrollable and sometimes extended
duration of the events.  During the summer of 2000, the United States experienced one of
the most severe wild land fire seasons in its history.  With La Nina helping to create an
abnormally hot and dry weather pattern, fuel moisture in the vegetation dropped to record
low levels.  Drought conditions and extreme fire danger indices were reported in many
states, including Idaho.  This pattern lasted through early September with high
temperatures, little or no precipitation and strong winds bringing about intense fire
activity. As the number and size of the fires grew, so did their impact upon the air quality.
By mid August, smoke had begun to filter into many valley locations, creating potentially
hazardous conditions.  Although a number of areas were impacted by the fires, two of the
counties hardest hit in Idaho were Custer and Lemhi.

By the second week in August, air quality within the small community of Salmon, Idaho
had reached unhealthful to potentially hazardous levels due to smoke from a number of
fires burning in the Central Idaho Mountains.  The most significant of these was the Clear
Creek Fire located about 30 miles west of the city.  By late July, this fire had become the
largest in the nation and as seen in Photographs 1 and 2, generated a significant amount
of smoke and ash.   As more particulate matter was released into the atmosphere, air
quality conditions continued to deteriorate.  This increase was further enhanced by a
wave of dry thunderstorms that moved across the region.   The strong downdrafts
associated with these storms amplified activity in existing fires and helped to create new
burns in the extremely dry environment.   

                Photograph 1.  Clear Creek Fire on July 27, 2000 as seen from Deep Creek Road.



                     Photograph 2.  Smoke plume from the Clear Creek Fire, August 7, 2000.

An evaluation of the data from a high volume (hi-vol) sampler located at the Salmon
School District Warehouse, showed numerous excursions of the PM10 National Ambient
Air Quality Standard (NAAQS) during this period.  The first of these was recorded on
August 15, 2000, with a 24-hour concentration of 225 µg/m3.  This was an increase of 71
µg/m3 from the previous day's value.  With little relief in sight from the intense fire
activity, levels remained elevated in the Salmon area until early the next month.  By
August 18th, a maximum of 281 µg/m3 had been reached.   By the end of August, a total
of 11 excursions of the PM10 NAAQS had been measured at this site.   As Labor Day
weekend approached, a change in the weather pattern brought cooler temperatures, higher
humidity, and much needed rain showers to the Central Idaho Mountains.  This, in turn,
helped to bring improved air quality conditions to the Salmon area.

PURPOSE:

Salmon is located in Lemhi Valley, near the point where the Lemhi and Salmon Rivers
meet.  The complexity of the surrounding terrain and its effects on the weather can have a
significant impact on the dispersion and buildup of air pollutants.   Wintertime
inversions, for example, may become enhanced not only by the movement of a strong
high pressure system over the region, but by the more localized effects of cold drainage



flow into the valleys at night.  As this cold air becomes trapped in the lower layers of the
atmosphere, it can lead to reduced mixing and poor dispersion.  This may, in turn,
contribute toward a significant buildup in pollutants as more and more matter is released
into the stable air.  This is especially true as the use of wood stoves and fireplaces
increase.

Although this process has been known to play an important role in determining air quality
trends within the Salmon area, an evaluation of five year’s worth of hi-vol data from the
School District Warehouse has shown only one other excursion of  the PM10 standard in
the time period before the 2000 wildfires.   As illustrated in Graph 1, this occurred back
in January of 1997 when cold, stable air produced limited mixing in the valley.    By
January 16, 1997, the 24-hour PM10 concentration had reached 155 µg/m3 .  Although
levels had been slightly elevated earlier in the month, it is believed that re-entrained road
dust from street sweeping activities and increased wood smoke may have contributed to
the problem.  In contrast to this earlier event, and as further illustrated in Graphs 1 and 2,
air quality impacts during the 2000 wildfire season were significantly more pronounced.   

Graph 1.  24-hour  PM10 averages from the Salmon School District Warehouse hi-vol during the period
from January of 1996 through December of 2000.
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Graph 2.  Salmon School District Warehouse hi-vol data for the period from June 2000 to September
2000.

Up until the summer of 2000, PM10 levels in Salmon had been on a downward trend.
There were numerous times, in fact, when levels were lower than they had been in past
years.   This might be attributed to a change in particulate sources, e.g., the closing of the
Salmon Intermountain Sawmill back in the early nineties.  In addition, Graph 3 shows
that in the months leading up to the event values were low, with 24-hour concentrations
in the mid-teens to upper-thirties.  By the middle of the summer, however, this trend
started to change.   Particulate levels began to rise as fire activity intensified within the
Central Idaho Mountains.  By late July, PM10 concentrations were starting to reflect the
increase in smoke as the fires raged out of control.  As further illustrated in Graph 2, it
wasn't long before levels reached above 100 µg/m3. 

Although this increase was modified somewhat by afternoon winds, the enhanced mixing
was not strong enough to counterbalance the influx of smoke into the region from the
nearby fires.  At night, after the winds had died down, cool stable air settled into the
valley.  This helped to enhance the strength of early morning inversions, trapping smoke
in preferred locations along the Salmon River.  As a result of these diurnal patterns, PM10
concentrations in the small Salmon community remained elevated for over a two-week
period.   By the end of August, a total of 11 excursions of the 24-hour PM10 standard had
been recorded.  In addition, more than half of these violations were greater than or equal

2000 Hi-vol Data for the Salmon School District Warehouse
During the months of June - September
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to 200 µg/m3.  As seen in Graph 1, it wasn't until the summer of 2000 that concentrations
of this magnitude were measured at this site.   Based upon this and the strong correlation
between the time of intense fire activity and the measured excursions,  it is believed that
these elevated values should be flagged under the provisions set forth in the U.S.
Environmental Protection Agency’s (EPA) Natural Event Policy. 

Graph 3.  24-hour  PM10 averages from the Salmon School District Warehouse hi-vol during the period
from April 1996 through September of 2000.

DESCRIPTION OF THE EVENT:

During the spring and summer of 2000, the nation experienced a very intense and
widespread fire season.  Under the influence of an exceptionally hot and dry weather
pattern, fuel moisture was at a record low.   Long term weather forecasts showed no relief
in sight and by August 6th, more than 63,000 fires had consumed more than 4 million
acres.  As the season progressed, much of the focus turned to Idaho and Montana where
more than half the fires were burning. 

Strong winds, enhanced by dry thunderstorms, contributed toward an increase in activity
among existing fires.  Although the number of thunderstorms was about the same as what
would normally occur in a given year, a higher percentage of lightning strikes were
igniting fires in the extremely dry environment.  By late July, 500 marines were sent to

Hi-vol Data 
 Salmon School District Warehouse
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bolster fire fighting forces on the largest fire in the nation – the Clear Creek Fire.
Believed to have been ignited by lightning in the Frank Church – River of No Return
Wilderness area on July 8th , the fire smoldered in forest litter until it was discovered on
Monday, the 10th.  Driven by winds reaching up to 25 mph, it did not take long for this
fire to grow.  By July 14th, the fire had increased from around 1,000 to over 23,000 acres.

As crews worked to contain this fire, another burn was discovered approximately 5 miles
to the north of Salmon.  By July 16th the Fernster Fire, as it came to be known, had
increased to about 3,500 acres in size.  Due to active growth on its southern flank,
resources were concentrated there in an effort to keep the fire from reaching the City of
Salmon.  As a result of this increased fire activity, air quality conditions started to
degrade.  By Monday the 17th, the 24-hour PM10 concentration had reached 89 µg/m3.
Over the next few days, progress would be made in controlling the fires as cooler
temperatures, higher relative humidity and scattered showers set in.  By Thursday, July
20th, the Fernster Fire had been contained and air quality levels had started to decrease.
Although these showers helped in containment efforts, they did not have much of an
impact on the long-term drought conditions.  With extremely low fuel moisture, it was
not long before fire activity would once again increase.

On Saturday, July 22nd, residents in Lemhi County could see columns of smoke rising
from the Clear Creek Fire.  Just three days later, the fire had grown to approximately
51,699 acres, making it the largest wildfire in the lower 48 states.   Low relative
humidity, gusty afternoon winds, dense smoke and extremely steep terrain kept fire
activity high.   Within a week, the fire had grown to 77,000 acres.  In addition to fighting
this fire, crews were busy trying to control other fires burning in the Salmon-Challis
National Forest.  Although most of these fires were small in comparison, they were still
cause for concern as moderate fire behavior kept growth potential extremely high.  This
was especially true of those new starts created on the flanks of large fires like the Clear
Creek.

Although there were brief breaks in the weather that allowed fire fighters to gain some
ground in containing the burns, these were not enough to change the course of the season.
Steep terrain, upslope flow and extremely dry vegetation kept conditions critical.  Many
fires had become large enough to have their own impact on local winds.  In addition,
downdrafts from passing thunderstorms were further enhanced by evaporative cooling as
precipitation fell into the much dryer air below.  On Friday, August 4th, scattered
afternoon thunderstorms had created numerous lightning strikes but little rain over the
Clear Creek area.  The fire, which now burned about 12 miles from Salmon, had already
grown to 101,900 acres.  By August 6th, 10 lightning triggered fires had merged into
seven larger ones, ranging in size from 3 to 863 acres.  In addition, two spot fires
resulting from lightning activity on the 4th, were discovered on the southern side of the
Clear Creek Fire.  These active hot spots created high plumes of smoke in the Clear
Creek area due to dry conditions.  As the fire continued to spread, air quality levels began
to deteriorate even further.  By August  7th, the 24-hour PM10 concentration at the School
District Warehouse site had reached 118 µg/m3.  With no end in sight to the hot, dry
weather and increasing fire activity throughout the region, the potential for serious



impacts upon the air quality in nearby communities continued to grow.  To account for
this, the sampling frequency at the Salmon hi-vol was increased from 1 in 6 to 1 in 1.

As the one-month anniversary of the Clear Creek Fire approached, conditions became
even more hazardous.  Passing thunderstorms created downdrafts that continued to
threaten containment efforts.  On August 15th, serious consideration was being given to
closing the Frank Church-River of No Return Wilderness area due to extreme fire,
limited access and thick smoke.  Estimated to be 130,000 acres in size, the fire had
jumped control lines due to strong gusty winds.  PM10 levels in Salmon, which had been
elevated since the beginning of the month, now reached concentrations in excess of 200
µg/m3 with a value of 225 µg/m3 being measured at the School District Warehouse on the
15th.  By Thursday, August 17th, the final decision had been made to close off the entire
wilderness area.    Very smoky skies had not only made it difficult to fully assess the
status of the nearby fires, but they had also made it difficult for any potential search-and-
rescue operations.  In addition to these restrictions, the public was being warned to stay
inside, avoid strenuous outdoor activity, drink lots of fluids and cover air conditioners
with filters.

With a thermal trough positioned over western Idaho, temperatures remained high.
Although weak shortwaves continued to move across the region, there was very little in
the way of moisture available to increase the chance for precipitation.   Winds were light
and from the south on the evening of the 17th.  As a result, dispersion conditions were
poor allowing smoke to build within the valley. Although cooler temperatures and
increased westerly flow were forecasted for the next day, their impact upon the air quality
remained uncertain.  While under normal circumstances, these increased winds would
have meant better mixing and improved air quality, they also had the potential of
increasing fire activity.  In the end, the benefit of the improved dispersion was
outweighed by the overall increase in source strength.

By August 18th, extreme behavior had been observed on the northwest perimeter of the
Clear Creek Fire.  With the thermal low and trough axis now lying across Lemhi County,
isolated, dry thunderstorms posed a threat to fire fighting efforts.  Having reached
147,081 acres in size, poor visibility and strong winds were hindering helicopter
operations.  Firefighters started building contingency lines as a precautionary measure to
help protect the City of Salmon.  The total number of acres, nationwide, consumed by the
wildfires up to this point was more than twice the 10-year average.  Although particulate
levels would remain elevated throughout August, the maximum 24-hour concentration
for the period would be reached on this day with a value of 281µg/m3 .  As illustrated in
Appendix A, satellite images show a significant amount of smoke being blown into the
Lemhi Valley during the day by strong southerly to southwesterly flow.  With cool
temperatures and limited mixing often occurring during the morning hours, this smoke
became trapped in the lower layers of the atmosphere.  This pattern of increased fire
activity throughout the day followed by stagnant conditions at night would continue
throughout the rest of the month.  As a result, unhealthy to potentially hazardous air
quality conditions were expected to continue until the wildfire activity could be brought
under control.



Until the end of August, the country’s attention had been focused primarily on Idaho and
Montana where more than half the wildfires were burning.   Then the situation began to
change as the first significant rain began to fall.  This precipitation was not enough to end
the season, but it was enough to allow fire fighters to start gaining control over the
numerous blazes that had taken hold over the western states.  Although PM10 levels
remained elevated through the month of August, by September, the number of active fires
had peaked at 86 and the relentlessly hot and dry weather had started to wane.  The
potentially hazardous impacts of these fires upon nearby communities, such as Salmon,
began to ease as each day brought cooler temperatures, higher relative humidity, and
more rain to the region.  By October 10th, 1,578 fires had burned nearly 1.3 million acres
in the state of Idaho.   At the official end of the season, a total of 84,960 wild land fires
had burned 6,966,995 acres across the United States. The ten-year averages (taken from
1990-1999) were 106,393 and 3,786,411 respectively.   Media accounts of the toll taken
on communities like Salmon can be found in Appendix B of this document.

SUMMARY:

As previously mentioned, elevated PM10 levels in Salmon are usually associated with
strong wintertime inversions.  During the summer months, however, increased mixing
combined with reduced source strength, typically help to keep air quality levels within
the good range.  The early portion of the summer of 2000 was no exception to this usual
pattern of events.   A comparison of Graphs 4 and 5, however, show that by late July this
trend took a dramatic turn from what had been observed in the past.   In the months
leading up to the fires, PM10 levels were low.  Once the fires started to grow, however,
particulate concentrations began to rise.  As the fires became more widespread and
increased amounts of smoke were released into the atmosphere, air quality conditions
began to approach unhealthy levels.  By the end of August, 11 excursions of the 24-hour
PM10 standard had been measured at the School District Warehouse.   In addition, the
only other time that levels had reached above 100 µg/m3 during the summer months was
back on September 2, 1998.  The 24-hour PM10 concentration for this day was 102
µg/m3.  Upon evaluating the potential reasons for this past event, it is believed that a
large fire, burning 40 miles to the west-northwest of Salmon at the time, may have
contributed to this elevated concentration.

An evaluation of five year's worth of data for the Salmon area has shown the magnitude
and duration of this summer's air pollution episode to be very different from any other in
the past.  This data also provides a rather vivid picture of the deterioration in Salmon's air
quality during the time when fire activity was at its highest.   As a result, it is believed
that the aforementioned violations would not of occurred if it hadn't been for the
widespread wildfires at the time.   Due to the strong correlation between the two, and the
uncontrollable nature of the fires themselves, the Idaho Department of Environmental
Quality's (IDEQ) is requesting that the affected data be flagged under the provisions set
forth in the U.S. Environmental Protection Agency’s (EPA) Natural Event Policy.



Graph 4.  Hi-vol data from the Salmon School District Warehouse for June 2000 through
September 2000.

Graph 5.   Hi-vol  data from the Salmon School District Warehouse for June 1996
through September 1999.

2000 Hi-Vol Data
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APPENDIX A:
SATELLITE IMAGES OF THE IDAHO FIRES 

AUGUST 16TH  - AUGUST 18TH



Image 1.  Satellite image of smoke plumes taken on August 16, 2000.



Image 2.  Satellite image of smoke taken on August 17, 2000.  Heat signatures (red) and
dense smoke (blue) are visible from many of the fires burning in Idaho and western

Montana.  The ribbed effect in the smoke may be due to inversions causing the smoke to
follow the mountain valley terrain.



Image 3.  Smoke plumes (blue) and heat signatures (red) taken on August 18, 2000 of
Idaho fires.             



APPENDIX B: 
MEDIA REPORTS OF THE IMPACTS OF NEARBY

WILDFIRES ON SALMON, IDAHO



Figure 1.  Article from the Rexburg Standard Journal.  August 18, 2000.



Figure 2.  Article from the Recorder Herald.  August 24, 2000. 





Figure 3.  Article from the Idaho Statesman.











APPENDIX C:
ADDITIONAL PHOTOGRAPHS OF FIRE

ACTIVITY NEAR SALMON, IDAHO DURING
THE SUMMER OF 2000



                          Photographs 3 and 4:  Clear Creek Fire.  July 27, 2000.



                              Photographs 5 and 6:  Clear Creek Fire July 27, 2000
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